Plankton biomass and composition in the pelagic zone of oceans is exposed to 2 changes in availability of light and nutrients due to large-scale ocean circulation and 3 water column stratification. We hypothesized that displacement of plankton from 4 surface to deeper darker waters would not only favor heterotrophy over time, as 5 previously suggested, but also first rapidly affect the level of mixotrophy and, 6
Introduction 1
Light is a major driver of life on Earth, and therefore regulates the production and 2 distribution of phototrophic organisms. This spatial regulation is evident in all aquatic 3 ecosystems as the vertical distribution of the organisms, especially the plankton, is 4 greatly dependent on light availability. One of the most remarkable biological 5 structures related to light in aquatic systems is the establishment of phytoplankton 6 maxima at certain depths, occurring whenever both light and inorganic nutrients are 7 available in sufficient amounts. However, when thermal stratification prevents 8 continuous upwelling of nutrients, the phytoplankton maxima are usually found in 9
deeper layers, where the organisms attain a compromise between nutrient and light 10 availability (Cullen, 1982 ). An extreme example of this situation is the deep 11 chlorophyll maxima in oligotrophic waters, where phytoplankton can be found at 12 relatively high abundance at depths generally ranging from 50 to 100 m (Estrada et characteristics of these systems, occur in sufficient amounts to maintain stable 17 phytoplankton communities. On the other hand, the communities that develop in the 18 gravity-filling of 30 L dark containers using silicon tubing. Once in the laboratory, the 23 water was gently siphoned into a 60 L bucket and carefully mixed to avoid generating 24 bubbles that could damage delicate ciliates (Gifford, 1985; Broglio et al., 2004) . A 1 known volume of water was gravity-filtered through a Pall Acropak 0.8/0.2 500 2 capsule (previously flushed, including tubing, with diluted HCl and thoroughly rinsed 3 with deionised water) to obtain the dilution series at the proportions 25, 50, 75 and 4 100% of the experimental water. The dilution series was prepared in 1.3 L PC bottles, 5 which were amended with a nutrient mixture (1 M NH 4 Cl, 0.07 M Na 2 HPO 4 , and 6 0.5 µM Na 2 SiO 3 ) to guarantee that nutrients were not limiting in any treatment. To 7 assess the natural growth of algae two100% experimental water (i.e., not diluted) 8 bottles without addition of nutrients were also prepared. Special care was taken to 9 work under dim light conditions for the darkest treatments. 10
In order to avoid adverse light effects on the mesocosms when initiating and 11 ending the incubation periods (ca. 24 h) of the grazing experiments, the bottles were 12 incubated in specially prepared mesocosm incubators equipped with an easily 13 opening-closing cover made from the same neutral density filter used for the 14 mesocosms L1 and L4, hence providing temperature (24.3-25.7ºC) and light levels 15 comparable to these mesocosms (same level attenuation; for absolute values see 16
Ptacnik et al. in prep.). The bottles were hanged from a floating wheel at 0.5 m depth, 17 which corresponded to the average light intensity of the mesocosms. The wheel 18 rotated at app. 1 r.p.m propelled by a submerged water pump. This approach assured 19 that the light conditions were homogeneous for all the bottles. However, because 20 these incubators were filled with brackish nutrient rich water from a well at the 21 HCMR, different from the nutrient poor water of the mesocosms, a denser 22 phytoplankton bloom developed at days 4-5. This had consequences for the light 23 intensity at which the experimental bottles were incubated, and is discussed below. In 24 the beginning (initial samples), as well as at the end of the incubations, we took 25 duplicate samples for the quantification of the different size-fractions of Chl a, and for 1 the quantification of nanoflagellates (in the initial and unfertilized bottles). For the 2 quantification of nanoflagellates in the dilution grazing experiments, 75-100 mL of 3 glutaraldehyde preserved samples were stored at 4ºC in the dark for 2h and then 4 filtered onto 2 µm black polycarbonate filters, and stained with 4', 6'-diamidino-2-5 phenylindole (DAPI). We counted 200 to 500 cells under epifluorescence microscopy 6 in each filter. The rates obtained for the cell counts of autotrophic flagellates were 7 compared to Chl a-based growth rate estimates. This way we could both estimate the 8 cellular growth rates of the phytoplankton and quantify potential artifacts in pigment 9 based growth rates due to photoadaption changing the cellular Chl a contents during 10 the incubations. 11
For all experiments, we used Model I linear regressions to obtain the slope (m; 12 grazing mortality rate, d
-1 ) of the equation relating the fraction of undiluted water (x) 13 and the net phytoplankton growth rates (y; K) estimated from changes in Chl a 14 concentration during incubation. Because the intercept of the equation (µ n ) would 15 provide an overestimation of phytoplankton instantaneous growth rates (due to the 16 addition of nutrients in the bottles), the instantaneous in situ growth rates (μ) in 17 dilution grazing experiments were derived from net growth in the unfertilized bottles 18 (K o ; where no nutrients added) and were corrected for mortality by microzooplankton 19 from dilution experiments when the latter was significant (Landry and Hassett, 1982) . 20
When we found saturated feeding responses we used the linear relationship of 22 the most diluted treatments to obtain the phytoplankton instantaneous growth rates 23 with added nutrients (µ n ) according to Gallegos et al. (1989) and Dolan et al. (2000) .
The microzooplankton grazing rate (m n ) was then calculated for the undiluted 1 nutrient-enriched bottles as 2
where K n is the phytoplankton net growth rate in the undiluted nutrient-enriched 4 bottles. This grazing rate calculated as indicated above does not completely 5 correspond to the in situ microzooplankton grazing rate (m). According to Moigis and 6 Gocke (2003) and Moigis (2006) the in situ microzooplankton grazing rate (i.e., in the 7 undiluted bottles without added nutrients) should be calculated as 8
where t is the incubation time. 10
In parallel we assessed the amount of herbivory of mixotrophic algae (large 11 The incubations were conducted in 650 ml polycarbonate bottles, filled with 21
water from the mesocosm L1a and L4a, and lasted for ca. 24h. Two sets of triplicate 22 bottles were prepared, one set without nutrient additions and one set amended with 23 nutrients as in the dilution experiments. These bottles were used for an additionalestimate of the effect of nutrient limitation. Each experimental bottle was inoculated 1 with a mixture of fluorescent prey and was subsequently gently mixed. We tried to 2 keep total LFLA concentration inside the bottles below 25% of the abundance at 3 which similarly sized flagellates are typically found in oligotrophic areas of the 4 Mediterranean Sea (1.3 x 10 2 -6.0 x 10 3 cells ml -1 ) (Christaki et al., 1999 (Christaki et al., , 2001 ). 5
Subsamples were always taken prior incubations to determine exact initial 6 concentration of LFLA in the bottles, which at times was more than expected (see 7 discussion). The incubations took place in the already described incubators, together 8 with the dilution experiment bottles. At the end of each incubation 75-100 ml samples 9
were fixed with glutaraldehyde (final concentration 1%) and processed as above 10 (dilution grazing experiments), with the exception that no DAPI stain was used. 
Results 18

Community composition and biomass 19
In Fig. 1 we show the time course of the total phytoplankton biomass (measured as 20 the L1 mesocosms showed a rapid decline during day 4 and 5 and ended (on day 8) at 1 concentrations near half the maximum attained. The Chl a fractions 0.6-2 µm and 2-2 10 µm were of similar proportion and together made up 75-90% of the total Chl a at 3 all times (Fig. 1) . Except for a slight increase in the contribution of Chl a > 10 µm 4 during the experiment in all treatments, there were no clear changes in size groups 5 over time in the mesocosms. 6
The development of the autotrophic protist biomass determined by 7 epifluorescence microscopy ( Fig. 2) resembled the pattern of Chl a development in 8 the L1 mesocosms. However, in the L4 mesocosms the autotroph biomass showed a 9 development different from Chl a, with lower biomass values and less clear peaks 10 Fig. 2 ). The total biomass peak of heterotrophic eukaryotes in 11 the L1 mesocosms (1.7±0.12 SE µgC L -1 ) was more than twofold higher than in L4 12 (0.75±0.07 SE µgC L -1 ), although the temporal development was similar. 13
In all mesocosms, mixotrophic ciliates and autotrophic dinoflagellates 14 increased their biomass towards the end of the study, becoming significant 15 components to the community, otherwise dominated by autotrophic flagellates (Fig.  16 2). In mesocosms L1 heterotrophic flagellates and ciliates dominated the protozoan 17 community-biomass the second and sixth day of the experiment, respectively. In L4 18 mesocosms, however, the heterotrophic community remained quite stable with the 19 only exception of a peak of ciliates on day 6 (Fig. 2) . The Lugol preserved samples 20 showed a progressive increase of ciliates in both mesocosm treatments until day 6 and 21 a slight decrease the last day (Fig. 3) . The contribution of mixotrophs to the total 22 abundance of ciliates consistently decreased in L4a from 50% to 30% and was quite 23 variable in L1a (Fig. 3) . 24
The mesozooplankton biomass community at the end of the experiment was 1 higher in the L1 treatment than in L4 (Fig. 4) although at much lower abundances were appendicularia and cladocera (Fig. 4) . 7
The elemental ratios of C, N, and P, as well as the C:Chl a mass ratio are 8 presented in Fig. 5 . Light did not significantly affect any of the ratios (p > 0.05; 9 grouped ANOVA with repeated measures), however some differences are evident in 10 the proportion of Chl a per unit of carbon since day 4 (Fig. 5A) , and in the C:N at 11 days 1 and 2 (Fig. 5B ). C:P ratios followed a similar pattern in both treatments along 12 the experiment, with peaks at days 3 and 4 for L4 and L1, respectively and an increase 13 of the quotient last day in all mesocosms ( Fig. 5C ). 14 15
Microzooplankton dilution grazing experiments 16
We conducted four dilution-grazing experiments (Landry and Hassett, 1982) in each 17
replicate "a" of the mesocosms L1 and L4. Overall, all (Chl a-based) phytoplankton 18 growth and mortality rates observed for total and size-fractionated Chl a were quite 19 high, with many saturation-feeding responses at the end of the experiment, sensu 20 Gallegos (1989) ( Fig. 6 ; Table 1 ). During day 1 we observed consistent positive 21 slopes for total phytoplankton and all size-fractions in the low light mesocosm (L4a, 22 Fig. 6 ). In general, mortality rates (m) on total Chl a were similar in both treatments, 23 but the instantaneous growth rates (µ) were higher in L1a mesocosm. While thesmallest size-fractions of the phytoplankton (Chl a) were more heavily grazed than 1 the largest sizes in L1a, the microzooplankton community grazing severely impacted 2 the 0.65-2 µm size-fraction, but not the 0.2-0.65 µm in L4a. 3
In order to control for artifacts from potential photoadaptation processes 4 during the incubations we estimated net growth rates of the unfertilized bottles by 5 counting nanoflagellates on 2 µm pore-size filters. These data are compared to the net 6 growth rates in the same bottles for the closest Chl a size-fraction (2-10 µm) in Fig. 7 . 7 No significant differences were observed for the first 3 experiments in L1a, and for 8 the first 2 in L4a (p < 0.05). However, after these dates the differences became 9 significant (p > 0.05). Therefore, our data on instantaneous growth rate (µ) in these 10 experiments based on Chl a appear to be overestimated since day 5 on. 11
Dilution experiments were also used to assess phytoplankton nutrient 12 limitation during the incubations, by comparing the net phytoplankton growth rates 13 between the fertilized and unfertilized undiluted bottles (Fig. 8) . Nutrients appeared to 14 be limiting in all the L1-experiments, except the one conducted the first day (t-test; p 15 < 0.05). For L4a mesocosm the results showed no clear pattern. Differences in this 16 treatment were significant (although not always indicating higher growth in nutrient 17 amended bottles) in all experiments, except the ones at day 5 (t-test; p < 0.05). 18
By comparing the biomass of eukaryotic autotrophs ( Fig. 2) with the grazing 19 rates from microzooplankton (Table 1) The results for both mesocosms are presented in Fig. 9 . As a whole, the carbon flux 4 through microzooplankton was ca. 50% higher in the high light mesocosms than in 5 the low light treatments. 6 7
Identification of major microbial herbivores and mixotrophy 8
As previously described we identified the major microbial herbivores using live 9 fluorescently-labelled cultivated algae. The percentage of pigmented protists (ANF) 10 with labelled prey inside was low (Table 2) , ranging from 3 to 6%. However, the 11 contribution of mixotrophic organisms (flagellates and dinoflagellates) to the total 12 number of grazers on phytoplankton (considering the heterotrophs with labelled prey 13 inside) was considerable (ca. 50%). We tested for significant differences (t-test) in the 14 percentages of heterotrophs vs mixotrophs for the variables light intensity and nutrient 15 addition. We only found a significant difference at the last day, when we found a 16
Overall, one order of magnitude reduction in light in the L4 mesocosms compared to 1 the L1 ones resulted in lower peak biomass by a factor of 0.6 for autotrophs, 0.4 for 2 protozoans (p < 0.05; Two-way grouped ANOVA with repetition), and 0.6 for 3 mesozooplankton, and a change in the composition of the community at all trophic 4 levels. Similar reductions in the magnitudes of phytoplankton, micro-and 5 mesozooplankton bloom peaks were observed by experimentally increased 6 stratification depth (reduced light supply) in freshwater mesocosms (Berger et al., 7 2010) indicating that light is an important driver of primary production scaling up to 8 higher trophic levels. in L1 or increased growth rate of algae in L4 (for unknown reasons), the data reveal 14 that the rapid Chl a increase was likely due to an increase in pigments per cell, and 15 not to an increase in autotroph cell numbers in L4 (Fig. 2) . This can be interpreted as 16 a photoadaptation in response to the dim light conditions in L4 (Falkowski, 1980 ; 17 Cullen and Lewis, 1988; Therriault et al., 1990). This response was not initially 18 evident in the community C:Chl a ratio, which was similar for both treatments during 19 the first days of the experiment (Fig. 6) . We have to take into account that this ratio 20 includes not only autotrophs, but heterotrophic and detrital carbon as well, therefore 21 not properly describing the variations in the Chl a contents per cell, but rather 22 mirroring the evolution of heterotrophs and autotrophs in the mesocosms. Higher 23 proportion of heterotrophs by the end of the experiment in L1 resulted in a higherand C:P ratios; neither of them showing any clear difference between treatments. 1 Only, L1 mesocosms showed peaks of higher C:N, indicating an impoverishment of 2 the nutritional quality of the community, as theoretically expected, but the differences 3
were not significant. 4
The lower autotrophic biomass in the low light (L4) mesocosms could be 5 explained either by lower phytoplankton instantaneous growth rates or higher grazing 6 pressure than in the L1's, or both. The dilution experiments should give us both these 7 rates. Although the dilution experiments for L4a at day 1 cannot be interpreted in a 8 meaningful manner due to the positive slopes (possibly due to trophic cascades during 9 incubations as described by Calbet et al., 2011a), we can compare the rates for day 3, 10 the closest to the peak of phytoplankton biomass in all mesocosms where C:Chl a 11 ratios did not differ among treatments. At day 3 both mortality and growth rates of 12 total phytoplankton were slightly lower for the L1a mesocosm, indicating a slower 13 circulation of energy through the food web compared to the lower light mesocosms. 14 In L1a, both grazing and growth were similar, indicating that all the potential 15 production was consumed within the day. However, for L4a the measured mortality 16 rates exceeded the potential production. If this was the case, we should expect a 17 reduction of phytoplankton biomass in day 4 for this mesocosm. However, this was 18 not observed in the development of the Chl a, or in the cellular carbon. Actually, the 19 measured mortality rates exceeded the instantaneous phytoplankton growth rates in 20 several cases, especially in L4. These discrepancies have to be understood in the light 21 of other components of the community that were not considered in the dilution 22 grazing experiments, i.e. mesozooplankton. We sampled water for the dilution grazing and thus shaped the abundance of phytoplankton through trophic cascades. 7
Consequently, given our dilution bottles did not contain representative amounts of 8 mesozooplankton, we will refer to the estimated microzooplankton community rates 9
as "potential", and likely on the higher side. sites present a faster-saturating feeding curves than those from productive ones. Weare not aware of studies comparing feeding kinetics of protozoans from different 1 ecosystems that can corroborate our results, and thus remains as a hypothesis to be 2
Microbial community composition and mixotrophy 5
We have so far discussed how the phytoplankton community as a whole progressed in 6 the different mesocosms. We will now discuss the development of the different 7 groups during the experiment. A conspicuous result was the gradual increase of 8 pigmented dinoflagellates and ciliates (Fig. 2) . Both groups are larger in size than the 9 rest of components of the microbial community, and both have the potential to act as 10 experiments, providing that light and nutrients were limiting, in the L4 treatment we 18 could expect a fast response of existing mixotrophic algae (organism-level response), 19 to be gradually replaced by heterotrophic grazers (community-level response). 20
However, at relatively short time intervals (ca. 24h) we did not detect any significant 21 variation on the mixotrophic contribution to overall grazing on algae (unfortunately, 22
we do not have data on mixotrophic grazing on prokaryotes). At longer time intervals 23 heterotrophic microbial biomass was below that of pigmented organisms (quotient 24 biomass heterotrophs/autotrophs < 1). This indicates dominance of autotrophic 1 processes over the microbial food web. Therefore, our premise was not met. 2
We should be aware, however, that the light intensities chosen in our study 3 , 2002) . Therefore, the community responses 8 of autotrophs and heterotrophs for these light intensities should not be as evident as 9 the ones expected for more limiting irradiance conditions, or even complete darkness. 10
Mixotrophs in L1 treatments should remain unaffected, given the similarity of 11 the experimental conditions to in situ, although we cannot disregard a gradual 12 increase in mixotrophy due to nutrient limitation during the experiment. Little is 13 known about the time frame of this process in natural systems, and we did not observe 14 any clear change in mixotrophy of flagellates in the L1 treatments, and mixotrophic 15 ciliates showed either an erratic pattern of abundance or contributed proportionally 16 less to the total abundance of ciliates. 17
Regarding the technique used to estimate mixotrophy, although we intended to 18 keep the LFLA concentration below 25% of the natural abundance of similarly-sized 19 flagellates, the LFLA were added without previous knowledge of the concentrations 20 in the experimental water. Consequently, the contribution of labelled flagellates to the 21 bulk was generally 25-50%, with one very high value of 83% (L1a, day one). These 22 data may thus not estimate ingestion rates or total carbon flux accurately. 23 they show the percentage of mixotrophs within autotrophic algae, and contribution of 1 mixotrophic grazing to total grazing, and are overall more natural than the alternative 2 approach based on dead labelled algae, or inert microspheres. 3 4
Possible mixotrophy-related artifacts in our experimental set up 5
Mixotrophs, as any other grazer, may show positive slopes during dilution assays, due 6 to higher prey encounter rates and thus higher feeding/growth rates in the least diluted we assume a similar 4 times lower biomass specific ingestion efficiency by the 24 mixotrophs (50% of the active grazers according our data), compared to the 1 heterotroph microzooplankton in our experiments, the mixotrophs would only account 2 for ca. 12.5% of the total estimated ingestion here. Converting this relative portion of 3 microzooplankton community grazing efficiency into autotrophic biomass consumed, 4 based on a gross growth efficiency of 30%, the 12.5% of total ingestion translates into 5 3.75% of expressed mixotroph production. This is a relatively modest production that 6
would not be expected to alter the accuracy of the rates determined by the dilution 7 experiments, or to explain the positive curve in the L4a, day1 experiment (Fig. 6) . 8 9
Scaling up the results to the food web dynamics 10
Theoretically, a limitation in light intensity should result in a reduction in the attained 2002). Therefore, improved food quality would enhance production of grazers at 20 lower light intensities (Diehl, 2007) . Even though this theory could apply also to 21 marine oligotrophic systems, the differences between lake and marine food webs may 22 make the effect less relevant. In lakes, at least in those where the hypothesis was 23 tested, primary producers were directly consumed by crustacean grazers 24 any effect of poor nutritional value of the prey might have been dampened before 21 reaching higher order consumers. This could be due to a variety of mechanisms (e.g., 22
intermediary trophic links, food upgrading, mixotrophy, nutrient tunnelling), many of 23 them not examined in this study, but will have to be resolved in future studies in order 24 to better understand the effect of light availability in oligotrophic aquatic food webs. * one outlier removed; ** feeding saturation; nd = not determined; ns = not significant; posit slope = positive slope. 
